Helicobacter cinaedi colonizes the colons of human and animals and can cause colitis, cellulitis, and sepsis in humans, with infections in immunocompromised patients being increasingly recognized. However, methods for analyzing the molecular epidemiology of H. cinaedi are not yet established. A genotyping method involving multilocus sequence typing (MLST) was developed and used to analyze 50 H. cinaedi isolates from Japanese hospitals in addition to 6 reference strains. Pulsed-field gel electrophoresis (PFGE) results were also compared with the MLST results. Based on the genomic information from strain CCUG18818, 21 housekeeping genes were selected as candidates for MLST and were observed to have high homology (96.5 to 100%) between isolates. Following a comparison of the 21 housekeeping genes from 8 H. cinaedi isolates, 7 genes were chosen for MLST, revealing 14 sequence types (STs). The isolates from 3 hospitals belonged to the same STs, but the isolates from the other 4 hospitals belonged to different STs. Isolates belonging to ST6 were analyzed by PFGE and showed similar, but not identical, patterns between isolates. Isolates belonging to ST9, ST10, and ST11, which belonged to the same clonal complex, had the same pattern. All isolates were found to contain mutations in GyrA and the 23S rRNA gene that confer ciprofloxacin and clarithromycin resistance, respectively, in H. cinaedi. These results raise concerns about the increase in H. cinaedi isolates resistant to clarithromycin and ciprofloxacin in Japan.
H
elicobacter cinaedi is a motile, Gram-negative, spiral bacterium that colonizes the colons of humans and animals; it is mainly isolated from blood and feces. The first H. cinaedi infection in humans was reported in 1984, after isolation from a homosexual man (32) . Since then, H. cinaedi infections have usually been detected in immunocompromised patients (1, 12, 13, 15, 16, 20, 31) , although in some cases, they may also occur in patients with normal immunity (9, 33) . The clinical manifestations of H. cinaedi include enteritis, proctocolitis, cellulitis, arthritis, and bacteremia. Septicemia and meningitis resulting from an H. cinaedi infection have also been observed in a neonate (21) .
The prevalence of H. cinaedi in humans and other animals has not been well investigated, and the mechanism and timing of H. cinaedi infection remain controversial. Since H. cinaedi has been detected in the feces of normal animals, including hamsters and monkeys, these animals may be natural reservoirs for H. cinaedi (5, 7) . However, as the growth of H. cinaedi is slower than that of other bacteria present in the colon, the presence of H. cinaedi in feces may be undetected in some cases. In addition, the atmospheric conditions required for the growth of H. cinaedi are not commonly available in most laboratories. Indeed, the number of reports of H. cinaedi infection have increased as the knowledge of Helicobacter spp. has expanded, and the possible nosocomial spread of H. cinaedi was recently reported (18) .
To identify the routes of H. cinaedi transmission, molecular epidemiologic analyses are required; however, a method is not yet available to classify H. cinaedi isolates. Many molecular epidemiologic tools, such as pulsed-field gel electrophoresis (PFGE), ribotyping, restriction fragment length polymorphism, and arbitrary-primer PCR, have been developed for use in bacteria. However, multilocus sequence typing (MLST) is increasingly becoming one of the gold standards by which isolates can be classified and identified as a result of the progressive improvements in DNA sequencing techniques (4, 25) . PFGE is a highly discriminatory typing method that has been used for epidemiological analysis of many pathogenic bacteria. However, it is difficult to obtain clear band patterns using PFGE in some cases, and a low typeability of H. pylori by this technique has been reported (2) . In contrast, the genomic DNA sequences needed for MLST analysis can be obtained from any isolate, if the appropriate culture conditions are available. MLST can also be used to analyze the genetic interrelationship between isolates. Therefore, MLST would be useful for elucidating the route of H. cinaedi infection. In this study, we developed MLST for H. cinaedi and compared the results obtained with observed PFGE patterns. Since the antimicrobial susceptibilities of H. cinaedi isolates from Japan have not yet been reported, we also measured antimicrobial susceptibilities and analyzed the genes related to antimicrobial resistance.
MATERIALS AND METHODS
H. cinaedi isolates and culture. Fifty H. cinaedi isolates were obtained from blood or fecal samples from patients treated in seven hospitals in Japan. Twelve isolates were obtained from Sapporo City General Hospital (hospital A) in Sapporo; the other 38 isolates were obtained from six hospitals in Tokyo: 2 isolates from the Social Insurance Chuo General Hospital (hospital B), 6 isolates from Toranomon Hospital (hospital C), 6 isolates from Teikyo University Hospital (hospital D), 3 isolates from Nihon University Itabashi Hospital (hospital E), 4 isolates from Toho University (hospital F), and 17 isolates from Surugadai Nihon University Hospital (hospital G). Details regarding the clinical manifestation of the patients were available only for the 26 isolates from hospitals A to D. These patients consisted of 7 women and 19 men, with a mean age of 61.3 years (age range, 28 to 88 years). Most of these patients were immunocompromised and had diseases such as malignant lymphoma, non-Hodgkin's lymphoma, and chronic renal failure. Four of the 26 isolates were obtained from feces, 1 was from a colon biopsy specimen, and the remaining isolates were recovered from patient blood samples. The 12 isolates from hospital A were isolated from the same ward between April and June 2008. Two isolates from hospital B were also isolated from the same ward in May 2005. Of the 6 isolates from hospital C, 2 were from same ward in October 2004, and the remaining 4 isolates were isolated sporadically from different wards in 2000 and 2008. Six isolates from hospital D were isolated sporadically between 2003 and 2008. The 6 reference strains used in this study-CCUG18818, CCUG18819, CCUG43521, MIT 99-5915, MIT 00-5434, and MIT 01-5002-were previously described by Taylor et al. (30) . CCUG18818, CCUG18819, and MIT 99-5915 were human isolates from the United States recovered in 1986, 1986, and 1999, respectively. CCUG43521 was isolated from a human in Australia in 2000. MIT 00-5434 and MIT 00-5002 were isolated from rhesus monkeys in the United States in 1999 and 2000, respectively.
All isolates were subcultured on brucella agar (Becton, Dickinson, Franklin Lakes, NJ), with 5% horse blood, under microaerobic conditions with hydrogen obtained by the gas replacement method using an anaerobic gas mixture (H 2 , 10%; CO 2 , 10%; and N 2 , 80%) (5, 6) . H. cinaedi isolates were identified by morphological analysis and by DNA sequencing of both the 16S rRNA and the 23S rRNA genes. The primers H276f (5=-CTATGACGGGTATCCGGC-3=) and C05R (5=-ACTTCACCCCAG TCGCTG-3=), reported by Riley et al. (22) , were used for amplification and DNA sequencing of the 16S rRNA gene. For the amplification and DNA sequencing of the 23S rRNA gene, the same primers used for MLST (described below) were used.
Multilocus sequence typing. Genomic information for CCUG18818 was obtained from the NCBI database (http://www.ncbi.nlm.nih.gov /sites/genome), and 21 genes, chosen mainly from genes used for MLST of H. pylori and Campylobacter spp., were selected as candidate genes for MLST (see Table S1 in the supplemental material). H. cinaedi genomic DNA was obtained by the classical phenol-chloroform DNA extraction method, as described by Stauffer et al. (26) . Primers for each gene were designed using Primer3 software (http://frodo.wi.mit.edu/primer3/) to amplify approximately 700 bp of each gene. Amplification was performed using Ex Taq polymerase (TaKaRa Bio Inc., Shiga, Japan) under the following conditions: initial denaturation at 94°C for 2 min, followed by 35 cycles of 94°C for 30 s, 58°C for 20 s, and 72°C for 30 s, and a final extension step at 72°C for 5 min. PCR products were analyzed by DNA sequencing using the same primers used for amplification. Eight isolates from 4 hospitals (2 from each hospital) were analyzed, and the sequences were compared to select the appropriate genes for MLST. Genes with high homology between isolates were excluded; the 7 genes listed in Table 1 were ultimately used for MLST analysis. Both strands of DNA from each isolate were sequenced, and each gene was analyzed in all the isolates to determine its allele number. Alignment was performed by ATGC version 6 software (Genetyx Corporation, Tokyo Japan). For each gene, the alleles of CCUG18818 were assigned allele number 1, and the alleles from number 2 onward were assigned for each gene, according to the order in which the genes were encountered. The sequence type (ST) was defined by the allelic profile determined based on the combination of the 7 alleles. A clonal complex (CC) was defined as a group of STs in which every ST shared 6 alleles with at least 1 other member of the group, using the eBURST software program (http://eburst.mlst.net/). The phylogeny for the 56 isolates was estimated using concatenated sequences, comprising the 7 loci, via the neighbor-joining method with the maximum composite likelihood model using MEGA (version 5.05) software (27) .
Pulsed-field gel electrophoresis. The PFGE method for Helicobacter hepaticus, reported previously (24) , was modified and used in this study. PFGE of the digested plugs was carried out by the CHEF Mapper system (Bio-Rad) using 1% PFGE-grade agarose in 0.5ϫ TBE (45 mM Tris base, 45 mM boric acid, 1 mM EDTA [pH 8]) with the following autoalgorithm for XhoI-digested DNA: 20-to 600-kb range, 6 V/cm, 120°i ncluded angle, an initial switch time of 2.98 s, and a final switch time of 54.17 s, with a linear switch time ramp for 27 h at 14°C. For SpeI-digested DNA, an autoalgorithm with a 20-to 200-kb range, an initial switch time of 2.98 s, and a final switch time of 17.33 s was used. A lambda ladder (Bio-Rad) was used as the molecular mass standard. After electrophoresis, the gel was stained in ethidium bromide (0.5 g/ml) for 1 h, and DNA bands were visualized under UV light. Unfortunately, due to the inability to reculture 32 of the 50 Japanese H. cinaedi isolates from the stocks stored at Ϫ80°C, PFGE could be performed for only 18 isolates, of which 11 were from hospital A, 3 were from hospital F, and 4 were from hospital G. The 6 reference strains were also analyzed by PFGE.
Antimicrobial susceptibilities. Since H. cinaedi causes bacteremia and sepsis, the susceptibilities of the isolates to antimicrobial agents used to treat systemic infections were measured using the agar dilution method. The susceptibilities of the previously mentioned 18 isolates from Japan and the 6 reference strains against the following antimicrobial agents were determined: amoxicillin-clavulanic acid, imipenem, clarithromycin, ciprofloxacin, minocycline, and gentamicin-drugs that might commonly be used to treat such infections. In brief, H. cinaedi cells were suspended in saline to achieve a turbidity equivalent to that of a McFarland 2.0 standard, and approximately 5 l of the inoculum was spotted onto Muller Hinton agar (Becton, Dickinson) containing 5% horse blood and various concentrations of the antimicrobial agents. Concentrations of the antimicrobial agents ranged from 0.008 g/ml to 128 g/ml. The plates were incubated under microaerobic conditions for 2 days. The MIC was defined as the minimum concentration of the antimicrobial agent that inhibited the growth of H. cinaedi. DNA sequencing of the 23S rRNA and gyrA genes of H. cinaedi. The 23S rRNA gene and the gyrA gene of H. cinaedi were amplified using primer pairs of 23S-F2 (5=-CGGTGCTCGAAGGTTAAGAG-3=) and 23S-R2 (5=-TTCAGCGGTTATCACATCCA-3=), and gyrA F (5=-TCTCA CACACGGAGCAAAAG-3=) and gyrA R (5=-CCTGCATTACCAAGGGC TAA-3=), respectively. These primers were also used for the DNA sequencing of the PCR products. The 23S rRNA sequences and GyrA amino acid sequences of all isolates were compared with those of CCUG18818 to identify mutations in the isolates used in this study.
RESULTS
Similarity of the 16S rRNA gene and the 23S rRNA gene between H. cinaedi isolates. A comparison of a 1,022-bp section of the 16S rRNA gene, corresponding to the region from position 329 to 1350 of the 16S rRNA gene of CCUG18818 (GenBank accession number AB275317) indicated that the 50 H. cinaedi isolates had 98.8 to 99.9% similarity with the CCUG18818 strain. A 658-bp region of the 23S rRNA gene, corresponding to the region from 75 to 732 of the 23S rRNA gene of CCUG18818 (GenBank accession number AY596254), was also compared among the 50 isolates and 6 reference strains; the results indicated 99.5 to 100% similarity, confirming that all the isolates used in this study were H. cinaedi.
Diversity of 21 housekeeping genes in H. cinaedi. To identify genes suitable for MLST, 21 candidate genes from 8 isolates, collected from 4 hospitals, were selected and amplified. The sequence comparisons of the isolates revealed low diversity in housekeeping genes among the H. cinaedi isolates. In fact, the majority of the genes tested in this preliminary experiment had high homology. Of the 21 genes investigated, 5 genes were found to have 100% homology between the 8 isolates, while only 1 polymorphism site was detected in 4 genes. For example, the allele of the yphC gene, which encodes the GTP-binding protein, was found to be identical in all isolates. Of the 21 genes examined from the 8 H. cinaedi isolates, 7 genes were found to have relatively high diversity and were selected for use in the MLST analysis ( Table 1) .
Characteristics of MLST genes in H. cinaedi isolates. Genes from all of the clinical isolates and the 6 reference strains were successfully amplified and analyzed in this study. The characteristics of the 7 loci identified as being suitable for MLST are described in Table 2 . These loci have lengths ranging between 411 and 658 bp, with a total composite length of 3,806 bp. The number of variable sites present in each allele ranged from 3 (tkt) to 21 (aroE), and the allele number for each gene ranged from 3 (cdtB) to 6 (aroE).
Sequence types of H. cinaedi. The 50 clinical isolates and the 6 reference strains were classified into 14 STs using the MLST method described in this study. The allelic profiles of the STs are presented in Table 2 . Following eBURST analysis, ST1, ST2, and ST3 were defined as CC1. Similarly, ST4, ST5, and ST6 were assigned to CC4, while ST9, ST10, and ST11 formed CC9. Accordingly, the 56 isolates and reference strains were classified into 8 CCs. The phylogenetic tree for these strains is shown in Fig. 1 . The phylogeny was estimated using concatenated sequences comprising the 7 loci (23S rRNA, ppa, aspA, aroE, atpA, tkt, and cdtB) with statistical support for the nodes being assessed via the bootstrap resampling method with 1,000 resamplings.
Relationship between the sequence types of H. cinaedi isolates and the hospitals from which they were isolated, including clinical manifestations. H. cinaedi isolates were collected from 7 hospitals in Japan, and the distribution of STs in each hospital was compared (Table 3) . Clinical manifestations were available for 26 isolates and no relationships were identified between clonal complexes (STs) and patient age, diseases, and H. cinaediisolated clinical materials. The 3 isolates belonging to CC1 [ST2 (n ϭ 1), ST3 (n ϭ 2)] were isolated from female patients; however, CCUG18818 and CCUG18819 belonged to CC1 (ST1) and were reportedly isolated from male patients. All other isolates, belonging to CC4, CC8, and CC9, were isolated more frequently from male patients (the male/female ratios were 4/1, 5/0, and 10/3 in isolates belonging to CC4, CC8, and CC9, respectively). The 6 reference strains revealed different STs, compared to the Japanese isolates, except for CCUG43521 (from Australia), which was classified as CC4 (ST4), the same ST as the isolates from hospital B in Japan.
PFGE patterns of H. cinaedi and relationship with sequence types. PFGE was performed on the 18 culturable clinical isolates (13) , was also tested, and all isolates were digested, though many small bands appeared.
FIG 1 Genetic relationship of sequence types among 50
H. cinaedi isolates from 7 hospitals in Japan and 6 reference strains. The phylogenic tree was constructed using the neighbor-joining method with MEGA (version 5.05) (27) software and the maximum composite likelihood model, with statistical support for the nodes being assessed via the bootstrap resampling method with 1,000 resamplings. The letter in each isolate's identifier indicates the hospital at which the strain was isolated (e.g., A1 to A12 were isolated from hospital A). , human isolates from Japan; OE, human isolates from the United States; , human isolates from Australia; o, rhesus monkeys isolates from the United States; ST, sequence type; CC, clonal complex. Of the 18 Japanese isolates (11 from hospital A, 3 from hospital F, and 4 from hospital G), 10 isolates from hospital A and 2 isolates from hospital G revealed identical PFGE patterns. These 12 isolates belonged to CC9 [ST9 (n ϭ 2), ST10 (n ϭ 3), ST11 (n ϭ 7)]. Another 2 isolates from hospital G, belonging to CC7 (ST7), also revealed identical PFGE patterns. Three isolates from hospital F, belonging to CC4 (ST6), revealed similar, but not identical, patterns between isolates. Isolate A7, which belonged to CC1 (ST2), revealed a pattern similar to that of CCUG18818 and CCUG18819, which belong to CC1 (ST1). CCUG43521, which belongs to CC4 (ST4), revealed a pattern similar to that of isolates F1, F2, and F4, which belong to CC4 (ST6).
Antimicrobial susceptibilities and antimicrobial resistance genes in H. cinaedi isolates. The susceptibilities of 18 isolates of the H. cinaedi isolates from Japan as well as the 6 reference strains to the antimicrobial agents were measured. The MICs of each antimicrobial agent are shown in Table 4 . Since significant differences were not observed between the MICs of amoxicillin and those of amoxicillin plus clavulanic acid, the MICs of amoxicillin are not shown in Table 4 . Although the MICs of clarithromycin and ciprofloxacin were high for all isolates tested in this study (the MIC 90 s were Ͼ128 mg/liter and 128 mg/liter for clarithromycin and ciprofloxacin, respectively), the MICs of imipenem, minocycline, and gentamicin were relatively low (the MIC 90 s for imipenem, minocycline, and gentamicin were 0.125 mg/liter, 0.125 mg/liter, and 0.5 mg/liter, respectively). Although the breakpoints for H. cinaedi have yet to be determined, these isolates were obvi-
FIG 2 Pulsed-field gel electrophoresis patterns of XhoI-digested (A) and SpeI-digested (B)
H. cinaedi isolates from Japan as well as the six reference strains. The letter in each isolate's identifier indicates the hospital at which the strain was isolated (e.g., A1 to A12 were isolated from hospital A). ously resistant to clarithromycin and ciprofloxacin (3, 17) . To identify the mechanism of this resistance, the 23S rRNA and gyrA genes of all isolates were sequenced. The isolates from Japan revealed a mutation from adenine to guanine at position 2018 in the H. cinaedi 23S rRNA; the numbering is according to the DNA sequence of the 23S rRNA gene of CCUG18818 (accession no. AY596254). Three of the six reference strains, CCUG18818, MIT00-5434, and MIT01-5002, did not demonstrate a mutation at position 2018, and clarithromycin MICs ranged from 0.008 to 0.031 mg/liter. However, CCUG18819, CCUG43521, and MIT99-5915 revealed an adenine-to-guanine mutation at position 2018, and their MICs ranged from 4 to Ͼ128 mg/liter. MIT99-5915 (MIC, Ͼ128 mg/liter) revealed an additional adenine-to-cytosine mutation at position 2017. DNA sequencing of the gyrA genes of ciprofloxacin-resistant H. cinaedi isolates and the reference strains further indicated that all isolates had a threonine to isoleucine mutation at position 84 of GyrA, the numbering is according to the amino acid sequence of the CCUG18818 GyrA protein (accession no. ZP_07806036). Three isolates were also found to have an additional mutation at position 88, involving a mutation from aspartic acid to glycine, histidine, or asparagine.
DISCUSSION
This study attempted to identify the genes that may be used to classify H. cinaedi by MLST. However, the housekeeping genes of H. cinaedi were found to have low diversity. For example, although data obtained using the MLST analysis method developed in this study suggested that 8 isolates, which were used for the identification of suitable genes for MLST, should belong to different STs, the yphC gene, encoding GTP-binding protein, was found to be identical between the 8 isolates. This is unlike the situation with H. pylori, where yphC has been used for MLST analysis and has revealed a high degree of diversity among H. pylori isolates. A similar phenomenon was observed for the mutY and trpC genes, which were found to be unsuitable for H. cinaedi MLST, despite their use in MLST for H. pylori. Of the 7 genes used for MLST in H. pylori, only the ppa and atpA genes were suitable for use in the H. cinaedi analysis. These results indicate that, whereas H. pylori is a genetically diverse bacterial species, the housekeeping genes of H. cinaedi are highly conserved. Therefore, we analyzed other housekeeping genes that have been used for MLST analysis in Campylobacter spp. and other bacterial species. Of the 7 genes used for MLST in C. jejuni, aspA and tkt were suitable for H. cinaedi analysis. A previous comparison of the 23S rRNA gene sequences of the isolates from hospital A indicated that there was a high possibility of nosocomial transmission of H. cinaedi between patients (18). Furthermore, 11/12 (91.7%) of the isolates identified in hospital A were found to belong to CC9 in this study, and the PFGE patterns of the isolates belonging to CC9 were identical. These results indicated that CC9 may have been prevalent in patients from hospital A. Furthermore, 12 of the 17 isolates from hospital G were ST7, and although only 4 of those isolates were available for PFGE, 2 of the isolates belonging to ST7 showed an identical pattern, and it was different from the patterns of 2 other isolates that belonged to ST9. Additionally, both isolates from hospital B, which were isolated from the same ward within a single month, revealed the same ST, CC4 [ST4]; these results suggested that nosocomial transmission of H. cinaedi is possible and that this organism may colonize individuals in the hospital environment.
H. pylori infection is believed to occur rarely in adults; instead, the infection is thought to be established during childhood, likely by oral transmission from an infected mother or contaminated water source (8) . In contrast, the results of this study indicate that H. cinaedi infection may be transmissible between adults and that the possibility of nosocomial transmission between individuals should be considered, particularly among immunocompromised patients. Similarly, the isolates from hospital D represented three CCs: CC1, CC4, and CC9. These results are consistent with the fact that these isolates were obtained between 2003 and 2008 and that H. cinaedi infections had occurred sporadically throughout that period. When and how these patients became infected with H. cinaedi remains unknown; it is possible, as well, that H. cinaedi may have been present in a latent form in these patients and may have induced symptoms when the immune system was weakened.
Two isolates from rhesus monkeys and four human isolates from countries other than Japan were also analyzed, and all belonged to different STs than the isolates from Japan, except CCUG43521, which belonged to same ST (ST4) as the isolates from hospital B. A comparison of the CCs and STs with the PFGE patterns of the isolates indicated that the MLST results were consistent with the PFGE patterns. PFGE is a useful technique for typing the isolates, even though some isolates were nontypeable by XhoI. Generally, restriction enzymes that cleave chromosomal DNA less frequently should be selected for PFGE. HincII, which also cleaves chromosomal DNA less frequently, similar to XhoI, was also tried and was found to digest the DNA from a few isolates. All isolates were successfully digested by SpeI; however, SpeI cleaves chromosomal DNA more frequently than XhoI and HincII and is not the best restriction enzyme for PFGE. Given the limitations of PFGE analysis in H. cinaedi, further investigations are required, but the MLST method developed in this study may be useful for typing H. cinaedi isolates and for elucidating their route(s) of transmission.
The susceptibilities of multiple H. cinaedi isolates to various antimicrobial agents were also examined in this study. Susceptibilities to amoxicillin-clavulanic acid, imipenem, gentamicin, and minocycline showed no significant differences between the H. cinaedi isolates from Japan and the 6 reference strains. On the other hand, the MICs of clarithromycin for the human isolates from Japan were very high, compared to those for CCUG 18818 and the two H. cinaedi strains from rhesus monkeys. The mutation from adenine to guanine, identified at position 2018 in the H. cinaedi 23S rRNA sequence, corresponds to mutations at positions 2143 in H. pylori and 2059 in E. coli; these mutations have been proven to confer resistance to clarithromycin in these strains by removing the adenine required for macrolides to inhibit protein synthesis (29) . Similarly, Kuijper et al. analyzed the 23S rRNA gene of erythromycin-susceptible and erythromycin-resistant H. cinaedi isolates and showed that erythromycin-resistant H. cinaedi strains possessed this mutation at position 2018, while no mutation was present in erythromycin-susceptible H. cinaedi (14) . In the current study, the mutations at position 2018 corresponded to the clarithromycin resistance in all analyzed strains, and all isolates from Japan had this mutation. These results indicate that the isolates used in this study were all highly resistant to clarithromycin.
H. cinaedi isolates from humans, prior to 2000, revealed low MICs of ciprofloxacin, while MICs of ciprofloxacin were high not only for isolates from Japan but also for isolates from rhesus monkeys. DNA sequencing of the gyrA genes of ciprofloxacin-resistant H. cinaedi isolates indicated that all of the isolates also had a mutation from threonine to isoleucine at position 84 of GyrA. This mutation, which corresponds to positions 87 in H. pylori and 83 in E. coli, has been shown to confer fluoroquinolone resistance on many bacterial species (10) . Furthermore, 3 isolates had an additional mutation at position 88, corresponding to positions 91 and 87 in H. pylori and E. coli, respectively, which has also been shown to confer resistance. Double mutations have usually been found to confer high-level resistance to fluoroquinolone upon bacteria (10, 19, 28) . Unfortunately, because of the inability to reculture 32 of the 50 H. cinaedi isolates from the stocks stored at Ϫ80°C, the susceptibilities of the isolates that possessed double mutations in GyrA were not measured; however, considering our data together with previous reports, the H. cinaedi isolates from Japan used in this study are resistant to fluoroquinolone, and in some cases the level of this resistance may be high. Finally, three isolates which possessed double mutations in GyrA in this study belonged to different STs (ST6, -10, and -11, respectively), suggesting that the relationship between STs and resistance may be weak. Further investigations using susceptible isolates are, therefore, needed. With regard to erythromycin and ciprofloxacin, Kiehlbauch et al. (11) have shown that H. cinaedi isolates from both humans and animals are susceptible to both of these antimicrobial agents, with MIC ranges for erythromycin and ciprofloxacin in animal-isolated H. cinaedi of Ͻ0.06 to 0.5 mg/liter and 0.12 to 1.0 mg/liter, respectively, and 0.06 to Ͼ128 mg/liter and 0.12 to 8.0 mg/liter in isolates from humans, respectively. Ciprofloxacin was also reported to successfully eradicate H. cinaedi infections in humans in 1991 and 2000 (15, 23 ). These results suggest that H. cinaedi was once susceptible to macrolides and fluoroquinolones, with the majority of H. cinaedi isolates gaining resistance in response to the increased use of these antimicrobials.
This study describes the use of molecular epidemiological analysis using MLST to genotype H. cinaedi isolates. We were able to classify 50 Japanese hospital isolates and 6 reference strains into 14 STs. The distribution of STs suggested the occurrence of nosocomial infection of H. cinaedi in hospitals, while in other cases, H. cinaedi infections occurred sporadically within a single hospital. Further analysis is needed to elucidate the epidemiology of H. cinaedi. All isolates had mutations in the 23S rRNA gene and GyrA, suggesting the seriousness of the increase in resistance of H. cinaedi isolates to clarithromycin and ciprofloxacin, in Japan.
